The orphan receptor TR3 suppresses intestinal tumorigenesis in mice by downregulating Wnt signaling by 刘庆锋
 
孤儿受体 TR3 通过下调 Wnt 信号通路 
抑制小鼠肠道肿瘤的形成 
The orphan receptor TR3 suppresses intestinal tumorigenesis in mice 
by downregulating Wnt signaling 
刘庆锋 
 
指导教师姓名：李博安 教授 博导 
专  业 名 称：细胞生物学 
论文提交日期：2011 年 8 月 
论文答辩时间：2011 年 9 月 
学位授予日期： 
答辩委员会主席：           
评    阅    人：           




































































































（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 







                             声明人（签名）： 






























摘 要................................................................................................. 1 
Abstract............................................................................................ 2 
第一章 前言..................................................................................... 3 
1.1 孤儿受体 TR3 概述 .........................................................................................3 
1.1.1 孤儿受体 TR3 简介 ..............................................................................3 
1.1.2 TR3 在癌细胞中调控两种相反的作用：生存和死亡 ........................3 
1.1.3 TR3 的“死亡作用”.................................................................................4 
1.1.4 线粒体靶向的 TR3 诱导细胞凋亡 ......................................................5 
1.2 Wnt 信号通路概述 ..........................................................................................7 
1.2.1 Wnt 信号通路的发现.............................................................................7 
1.2.2 Wnt 蛋白的分泌.....................................................................................9 
1.2.3 Wnt 蛋白的受体，激动剂和拮抗剂...................................................10 
1.2.4 经典 Wnt 信号通路.............................................................................12 
1.2.5 细胞质中的降解复合体......................................................................13 
1.2.6 核内的信号转导..................................................................................15 
1.2.7 Wnt 信号通路的靶基因.......................................................................18 
1.2.8 Wnt 信号通路在成年哺乳动物自我更新组织中的作用...................18 
1.3 肠道与结直肠癌概述 ...................................................................................19 
1.3.1 肠道组织简介......................................................................................19 
1.3.2 结直肠癌（CRC）..............................................................................21 
1.3.3 Wnt 信号通路维持肠道隐窝祖细胞的自我更新...............................22 
1.4 GSK3 概述 .....................................................................................................23 
1.4.1 GSK3：Wnt 信号通路中一种多功能的激酶.....................................23 
1.4.2 GSK 和 WNT-β-catenin 信号通路 ......................................................23 
1.4.3 GSK3 在 β-catenin 降解复合体中的功能...........................................24 
1.4.4 GSK3 在 Wnt 蛋白诱导的 LRP5/6 的磷酸化作用中的功能 ............25 
1.5 ApcMin 小鼠：肠道和乳腺肿瘤发生的小鼠模型 ........................................28 
1.5.1 ApcMin 小鼠与结直肠癌.......................................................................28 
1.5.2 ApcMin 小鼠与乳腺癌...........................................................................31 
1.6 BAT-gal 转基因小鼠：Wnt 信号通路可靠的“指示灯”.............................31 
1.6.1 BAT-gal 转基因小鼠的构建 ...............................................................31 
1.6.2 BAT-gal 转基因小鼠的应用 ...............................................................32 
1.7 本研究的意义 ...............................................................................................34 
第二章 材料与方法....................................................................... 36 
2.1 常用药品及试剂 ...........................................................................................36 
2.2 菌株 ...............................................................................................................36 
















2.3.2 DNA 转化 .............................................................................................38 
2.3.3 质粒抽提..............................................................................................38 
2.3.3.1 质粒 DNA 小量抽提（Omega 试剂盒） ................................38 
2.3.3.2 质粒 DNA 中抽（GE 试剂盒）...............................................39 
2.3.4 质粒 DNA 的工具酶处理 ...................................................................39 
2.3.4.1 DNA 的限制性内切酶消化 .......................................................39 
2.3.4.2 线性 DNA 末端平滑化 .............................................................40 
2.3.4.3 线性 DNA 5’端磷酸基团的去除..............................................40 
2.3.5 DNA 样品琼脂糖凝胶电泳 .................................................................40 
2.3.6 琼脂糖胶回收 DNA 片段（Omega 试剂盒） ..................................41 
2.3.7 DNA 连接反应 .....................................................................................42 
2.3.8 PCR 反应 ..............................................................................................42 
2.3.9 RNA 抽提（trizol 法）........................................................................42 
2.3.10 RNA 的反转录（Toyobo 试剂盒）..................................................43 
2.3.11 实时荧光定量 PCR（Toyobo 试剂盒）..........................................43 
2.4 蛋白质相关实验方法 ...................................................................................44 
2.4.1 组织裂解物的制备..............................................................................44 
2.4.2 蛋白质的 SDS-PAGE 电泳与蛋白质印迹分析 ................................45 
2.4.3 免疫沉淀..............................................................................................47 
2.5 小鼠相关实验方法 .......................................................................................47 




2.5.5 HE 染色实验 ........................................................................................50 
2.5.6 免疫组化实验......................................................................................52 
2.5.7 肠道肿瘤计数......................................................................................53 
2.5.8 肠道整装 x-gal 染色 ...........................................................................53 
第三章 结果与分析....................................................................... 55 
3.1 pVillin-flag-TR3 转基因小鼠构建 ...............................................................55 
3.1.1 TR3 基因克隆以及转基因载体构建 ..................................................55 
3.1.2 TR3 转基因载体的线性化以及 pVillin-TR3 转基因小鼠的构建.....56 
3.1.3  新生 pVillin-TR3 转基因小鼠的检测..............................................56 
3.1.4 pVillin-TR3 转基因小鼠的转基因表达检测结果..............................57 
3.2 TR3 在小鼠的肠道上皮细胞中抑制 Wnt 信号通路的活性 ......................58 
3.2.1 TR3 在小鼠肠道中的表达 ..................................................................58 
3.2.2 TR3-/-小鼠的肠道上皮组织出现异常增生 .........................................59 
3.2.3 TR3 抑制小鼠肠道上皮组织的细胞增殖 ..........................................60 
3.2.4 TR3 没有影响小鼠肠道上皮组织的细胞分化和凋亡 ......................62 
3.2.5 TR3 在小鼠肠道上皮组织中抑制 Wnt 信号通路靶基因的表达水平
........................................................................................................................63 
















3.2.7 TR3 抑制小鼠肠道上皮组织中 Wnt 信号通路的活性......................67 
3.3 TR3 在 Apcmin/+小鼠模型中延缓肠道肿瘤的形成 .....................................70 
3.3.1 TR3 在年轻的 Apcmin/+小鼠体内抑制肠道腺瘤的形成 ....................70 
3.3.2 TR3 在 Apcmin/+小鼠体内抑制 Wnt 信号通路的活性 .......................71 
3.3.3 TR3 在 Apcmin/+小鼠体内影响肠道腺瘤的数量 ................................72 
3.3.4 TR3在Apcmin/+小鼠的肠道腺瘤中抑制Wnt信号通路靶基因的表达，
减缓细胞的增殖速率....................................................................................74 
3.3.5 TR3 没有改变 Apcmin/+小鼠的肠道腺瘤中 β-catenin 的表达水平 ...75 
3.4 TR3 的激动剂 cytosporone B 在小鼠体内抑制 Wnt 信号通路 ................77 
3.4.1 Csn-B 抑制小鼠体内 Wnt 信号通路靶基因的表达 ..........................77 
3.4.2 Csn-B 抑制小鼠体内肠道上皮组织的细胞增殖 ...............................78 
3.4.3 Csn-B 抑制 APCmin/+小鼠体内肠道腺瘤的形成 ................................79 
3.5 TR3 在临床结直肠癌样品中常常表现出高度磷酸化................................82 
3.5.1 TR3 在临床结直肠癌的肿瘤组织中高表达 ......................................82 
3.5.2 GSK3β的活性在临床结直肠癌的肿瘤组织中显著上调 .................83 
3.5.3 GSK3β在临床结直肠癌的肿瘤组织中磷酸化 TR3 .........................85 
3.5.4 磷酸化水平较低的 TR3 可以更有效地抑制 Wnt 信号通路............86 






































TABLE OF CONTENT 
I 
TABLE OF CONTENT 
ABSTRACT (IN CHINESE) .......................................................... 1 
ABSTRACT (IN English) ............................................................... 2 
CHAPTER 1 Introduction.............................................................. 3 
1.1 Review on the orphan receptor TR3 .............................................................3 
1.1.1 Introduction of TR3 ..............................................................................3 
1.1.2 Nur77 regulates the opposing effects,survival and death, in cancer 
cells ..................................................................................................................3 
1.1.3 Death effect of Nur77............................................................................4 
1.1.4 Mitochondrial targeting of Nur77 as amechanism for apoptosis 
induction .........................................................................................................5 
1.2 Review on Wnt signaling ................................................................................7 
1.2.1 Disocovery of Wnt signaling ................................................................7 
1.2.2 Wnt Protein Secretion ..........................................................................9 
1.2.3 Receptors, Agonists, and Antagonists for Wnt ................................10 
1.2.4 Canonical Wnt Signaling....................................................................12 
1.2.5 The Cytoplasmic Destruction Complex ............................................13 
1.2.6 Nuclear Events ....................................................................................15 
1.2.7 Wnt Target Genes ...............................................................................18 
1.2.8 Wnt Signaling in Self-Renewing Tissues in Adult Mammals .........18 
1.3 Review on intestine and colorectal cancer ..................................................19 
1.3.1 Introduction of intestine .....................................................................19 
1.3.2 Colorectal cancer ................................................................................21 
1.3.3 Wnt signaling maintains crypt progenitorcompartments...............22 
1.4 Review on GSK3 ...........................................................................................23 
1.4.1 GSK3: a multifaceted kinase in Wnt signaling ................................23 
1.4.2 GSK and Wnt-β-catenin signaling.....................................................23 
1.4.3 GSK3 in the β-catenin destruction complex .....................................24 
1.4.4 GSK3 in Wnt-induced phosphorylation of LRP5/6 .........................25 
1.5 ApcMin: A Mouse Model for Intestinal and Mammary Tumorigenesis ...28 
1.5.1 ApcMin mice and colorectal cancer ....................................................28 
1.5.2 ApcMin mice and mammary gland cancer.........................................31 
1.6 BAT-gal transgenic mice：reliable indicator of Wnt signaling ................31 
1.6.1 Construction of BAT-gal transgenic mice ........................................31 
1.6.2 Application of BAT-gal transgenic mice...........................................32 
1.7 Siganificance of this projects........................................................................34 
CHAPTER 2 MATERIALS AND METHODS .......................... 36 














TABLE OF CONTENT 
II 
2.3 DNA and RNA work.....................................................................................36 
2.3.1 Preparation of E.coli competent ........................................................36 
2.3.2 DNA transformation ...........................................................................38 
2.3.3 DNA preparation ................................................................................38 
2.3.3.1 Small-scale preparation of plasmid DNA ...............................38 
2.3.3.2 Medium-scale preparation of plasmid DNA...........................39 
2.3.4 Enzymatic manipulation of plasmid DNA ........................................39 
2.3.4.1 Restriction endonuclease digestion of DNA............................39 
2.3.4.2 Generation of blunt ended linear DNA ...................................40 
2.3.4.3 Removal of 5’ phosphate group from linear DNA .................40 
2.3.5 Seperation of DNA by electrophoresis in agarose gel......................40 
2.3.6 Recovery of DNA.................................................................................41 
2.3.7 DNA Ligation ......................................................................................42 
2.3.8 Polymerase chain reaction .................................................................42 
2.3.9 RNA preparatioin ...............................................................................42 
2.3.10 Reverse transcritptioin of RNA .......................................................43 
2.3.11 Real-time PCR...................................................................................43 
2.4 Protein work ..................................................................................................44 
2.4.1 Whole lysate preparation ...................................................................44 
2.4.2 Electrophoresis of protein in SDS-PAGE gel and Western blotting
........................................................................................................................45 
2.4.3 Co-immunoprecipitation ....................................................................47 
2.5 Mice work ......................................................................................................47 
2.5.1 Genotyping...........................................................................................47 
2.5.2 Breeding ...............................................................................................48 
2.5.3 Tissue preparation ..............................................................................49 
2.5.4 Paraffin embedding ............................................................................49 
2.5.5 HE staining ..........................................................................................50 
2.5.6 IHC .......................................................................................................52 
2.5.7 Tumor counting...................................................................................53 
2.5.8 Intestine whole-mount x-gal staining ................................................53 
CHAPTER 3 RESULTS ............................................................... 55 
3.1 Construction of pVillin-flag-TR3 transgenic mice.....................................55 
3.1.1 TR3 gene clone and construction of pVillin-flag-TR3 plasmid ......55 
3.1.2 Transgenic mice production...............................................................56 
3.1.3 Detection of newborn pVillin-TR3 transgenic mice ........................56 
3.1.4 Detection of flag-TR3 expression in pVillin-TR3 Transgenic mice57 
3.2 TR3 inhibits Wnt signaling activity in the intestinal epithelial of mice ...58 
3.2.1 Expression of TR3 in mice intestine ..................................................58 
3.2.2 Intestinal epithelial of TR3-/- mice shows hyperplasia .....................59 
3.2.3 TR3 negatively regulates the proliferation of intestinal epithelial 
cells ................................................................................................................60 













TABLE OF CONTENT 
III 
epithelial cells ...............................................................................................62 
3.2.5 TR3 inhibits the expression of Wnt target genes in mice intestinal 
epithelial........................................................................................................63 
3.2.6 TR3 doesnot influence the expression of β-catenin or TCF4 in mice 
intestinal epithelial .......................................................................................66 
3.2.7 TR3 inhibits Wnt signal in mice intestinal epithelial.......................67 
3.3 TR3 retards intestinal tumorigenesis in the Apcmin/+ mouse model ......70 
3.3.1 TR3 inhibits intestinal tumorenesis in young Apcmin/+ mice ...........70 
3.3.2 TR3 inhibits Wnt signal in Apcmin/+ mice..........................................71 
3.3.3 TR3 is a negative regulator of intestinal adenoma formation ........72 
3.3.4 TR3 inhibits the expression of Wnt target gene and cell 
proliferation in intestinal adenoma ............................................................74 
3.3.5 TR3 doesnot influence the expression of β-catenin in intesinal 
adenoma ........................................................................................................75 
3.4 Cytosporone B represses Wnt signaling in mice ........................................77 
3.4.1 Csn-B inhibits the expression of Wnt target gene in mice ..............77 
3.4.2 Csn-B inhibits cell proliferation in mice intestinal epithelial..........78 
3.4.3 Csn-B inhibits intestinal adenoma formation in APCmin/+ mice .....79 
3.5 TR3 is frequently hyperphosphorylated in clinical colorectal cancers....82 
3.5.1 TR3 overexpression in colorectal cancers.........................................82 
3.5.2 GSK3β activity upregulates in colorectal cancers ...........................83 
3.5.3 GSK3β phosphorylats TR3 in colorectal cancers ............................85 
3.5.4 Hypophosphorylated TR3 more efficiently inhibits Wnt signaling86 
CHARPTER 4 Discussion............................................................. 88 
REFERENCE ................................................................................ 92 
LIST OF FIGURES AND TABLES........................................... 107 









































































































Wnt signaling is involved in cellular homeostasis and development. 
Dysregulation of the Wnt signaling pathway has been linked to colorectal cancer. The 
orphan nuclear receptor TR3 plays important roles in proliferation and apoptosis. In 
this study, we investigated how TR3 suppresses intestinal tumorigenesis by regulating 
Wnt signaling in vivo.  
Mechanistically, it has already been proved that TR3 not only disrupted the 
association of β-catenin and TCF4 on chromatin but also facilitated the recruitment of 
transcriptional co-repressors to the promoters of Wnt signaling target genes, therefor 
it can inhibit Wnt signaling activity and the expression of Wnt signaling target genes. 
However, TR3’s role in vivo remains unknown. 
In this study，intestinal polyps were quantified in Apcmin/+, Apcmin/+/TR3-/- and 
Apcmin/+/villin-TR3 mice. Wnt signaling activity was evaluated by assessing 
β-galactosidase activity in a BAT-Gal reporter strain. The TR3 agonist cytosporone B 
(Csn-B) was used to evaluate the role of TR3 in intestinal tumorigenesis. The 
phosphorylation of TR3 by GSK3β and the correlation between GSK3β activity and 
TR3 phosphorylation were evaluated in clinical samples. 
TR3 was found to significantly suppress Wnt signaling activity and the 
proliferation of intestinal epithelial cells. Apcmin/+/TR3-/- mice developed more 
intestinal polyps than Apcmin/+/TR3+/+ mice, whereas either transgenic overexpression 
of TR3 in the intestine or treatment with Csn-B in Apcmin/+ mice significantly 
decreased intestinal tumor number. However, TR3 was phosphorylated by GSK3β in 
most clinical colorectal cancers, which attenuated the inhibitory activity of TR3 
towards Wnt signaling.  
Here，we can conclude that TR3 is a negative regulator of Wnt signaling and thus 
significantly suppresses intestinal tumorigenesis in Apcmin/+ mice. This inhibitory 
effect of TR3 may be paradoxically overcome through phosphorylation by GSK3β in 
clinical colorectal cancers.  





























1.1 孤儿受体 TR3 概述 









































，TR3 的这些效果需要它与染色质 DNA 相结合并激活其下游靶基因的转录
[22]
。



























表明了 TR3 亚家族成员的致癌潜力；而由此产生的融合蛋白 EWS/TEC 具有潜在的
致癌性，并且 EWS/TEC 比其天然的受体在转录激活靶基因的表达上更为活跃，这





















。因此，TR3 是 VEGF 诱导血管内皮细
胞形成的一个关键的早期介导因子。在炎症过程中，TR3 也参与了巨噬细胞的基
因表达调控，因为在巨噬细胞中，在种种的炎症刺激（包括脂多糖，细胞因子或








TR3 的过表达也与细胞凋亡抗性的产生相关。在 HEK293 成纤维细胞中，TR3
过表达会增强细胞对由死亡受体接触、DNA 损伤剂和内质网应激所诱导的细胞凋
亡的抗性，而 TR3 的这种功能是通过诱导 NF-κB 依赖的抗凋亡基因 cIAP1
[34]
的
表达而起作用的。在成熟的 A20B 细胞中过表达 TR3，可以使细胞逃脱神经酰胺
介导（通过抑制 P53 的表达和诱导 Bax 与 p27kip1 的表达
[35]
）的细胞凋亡。在小





1.1.3 TR3 的“死亡作用” 
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